Objectives Several researchers have proposed the use of logical ontologies as 'reference terminologies'. However, there are a number of unresolved issues. This article describes the development of a logical ontology for nursing interventions and presents the results of evaluation.
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Method
Initially this study involved the development and validation of two separate experimental ontologies to determine which approach would be most useful:
• an ontology based on the textual content of informal definitions for nursing interventions drawn from the second edition of NIC [17] ; and
• an ontology based on labels or rubrics for the same nursing interventions [2] .
The Nursing Interventions Classification
NIC is a terminology system for describing exclusively the treatments that nurses perform. It is intended for use in all settings and in all specialties. The second edition of NIC contains 433 nursing interventions, each with a label or rubric e.g. 'Analgesic Administration', an informal definition e.g. 'Use of pharmacological agents to reduce or eliminate pain', a list of activities that a nurse does to carry out the intervention e.g. 'Check history for drug allergies', a nonhierarchical code e.g. '2210' and a short list of background readings. Although no hierarchical relationships exist between nursing interventions themselves, each intervention is located within a simple taxonomic structure consisting of 30 classes and 7 domains (47 interventions belong to more than one class). NIC was selected as the initial focus for this study as, of the commonly reported nursing intervention terminology systems, it contains the greatest number of pre coordinated nursing interventions and thus would provide greater scale.
Development of the experimental ontologies
The focus of the first experiment was on informal definitions for nursing interventions drawn from NIC. As shown in the example in Section 2.1 informal definitions within NIC are written in a discursive style, and use a comparatively rich vocabulary. The development of intermediate representations within this first experiment had three phases:
1. An initial modelling activity to develop rapidly a preliminary set of intermediate representations using a relatively literal manual translation process. In order to sustain progress, no attempts were made initially to represent unusual structures. Intermediate representations were not coerced to fit any particular patterns and new descriptors and links were added as necessary. For each experiment the result was a multi-axial subsumption hierarchy, contained within and generated according to the respective underlying ontology, of source nursing interventions drawn from NIC.
Initial bench testing
Initial bench testing consisted of a comparison of the two generated hierarchies. The key criterion for comparison was whether and to what extent they captured hierarchical relationships Medicine. 2003; 42: 265-270. in the source terminology system. There are no explicit hierarchical relationships between nursing interventions within NIC. Therefore a test set of 73 implicit hierarchical relationships was identified manually. For example the NIC nursing intervention 'Bleeding Reduction:
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Antepartum Uterus' was considered to be a child of 'Bleeding Reduction'. Each of the two generated hierarchies was examined to see how many of the test set of implicit hierarchical relationships were captured.
Extending the ontology based on labels
The results of this initial bench testing (presented in Section 3) were used as the basis for rejection of the ontology based on informal definitions and for selection of the ontology based on labels for extension, further comparative bench testing and external evaluation. The ontology based on labels drawn from NIC was extended to include also nursing intervention components of two additional terminology systems, HHCC and OMAHA, using the same methodology as for the second experiment. In contrast to NIC these terminology systems are combinatorial in nature e.g. using OMAHA the notion of administering a medicine would be captured by combining the category 'Treatments and Procedures' with the target 'Medication administration'.
Comparative bench testing of the final ontology
Comparative bench testing took a randomly selected set of 30 terms drawn from the three source terminology systems, examined mappings within the UMLS Metathesaurus [18] to terms drawn from other systems, and compared these to mappings within the final extended ontology.
External evaluation of the final ontology
External evaluation provided an opportunity to assess the acceptability to 4 expert reviewers of the ontology and of its ability to mediate between diverse terminology systems. The generated hierarchy was used to identify:
• Hierarchical relationships within individual terminology systems i.e. from subsumee to nearest subsumer within the same terminology system
• Synonyms within individual terminology systems i.e. equivalent concepts within the same terminology system Medicine. 2003; 42: 265-270. • Mappings between terminology systems i.e. from subsumee to nearest subsumer in another terminological system
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• Existing transformations between terminology systems i.e. equivalent concepts from different terminology systems
• Potential transformations between terminology systems i.e. close siblings from different terminology systems For each set of relationships, pairs of related terms drawn from the generated hierarchy were presented in tabular form to the reviewers who were asked to indicate whether they deemed the relationships acceptable or not.
Results

Content and structure of the initial experimental ontologies
For the initial experimental ontology based on labels, the simplicity of the labels (in contrast to the relative complexity of informal definitions) was reflected in the resulting ontology; it consisted of 476 entities (compared to 992 in the ontology based on informal definitions) and 11 attributes (compared to 47). There were 131 compositional constraints (compared to 1766).
Results of initial bench testing
For the experimental ontology based on informal definitions, none of the hierarchical relationships within the test set were present within the generated hierarchy of nursing interventions (the total number of hierarchical relationships within the generated hierarchy was only 3). Analysis of the intermediate representations for the nursing interventions contained within the test set revealed several factors that prevented the formation of hierarchical relationships: a) structural differences between potential children and potential parents; b) different levels of specificity between potential parents and potential children; c) the absence of hierarchical relationships in the hierarchy of elementary GRAIL entities -unlike in the other cases this reflected on the development methodology rather than differences embodied within informal definitions.
intermediate representations that could be expanded automatically or semi-automatically into more complex GRAIL expressions greatly facilitated the manual modelling process.
The lack of agreement between reviewers provided some indication that there were significant ideological differences concerning both the nature of nursing interventions and the terminology systems that represent them. Such ideological differences certainly accounted for some of the difficulties in mapping. The range of analyses revealed a number of inconsistencies on the part of individual reviewers and between reviewers. In many cases these inconsistencies suggested that the ideological differences between the individual reviewers were not totally clear-cut; even firmly held beliefs could apparently change. One possible reason for this is simple reviewer error. However, many inconsistencies were not isolated cases; they occurred across individual analyses and between analyses. A second reason might be that many of the basic notions embodied within nursing terminology systems are inherently difficult to define -the study showed that comparatively vague notions like 'manage' are a major source of disagreement. A final possibility is that to accept similarities between terminology systems would in many respects be politically unacceptable. Each of the source terminology systems for this study has a large body of users and other stakeholders; the developers and users of each of the terminology systems have made large personal investments in their development and continued use; and the institutions built up around the terminology systems depend to a large extent on their individuality. Such political motivators require political solutions; they are certainly beyond the capability of a logical ontology. Medicine. 2003; 42: 265-270. One of the limitations of the approach to development and evaluation used within this study was that it did not seek to identify or promote consensus. This study has shown that the ontology is a suitable and useful vehicle for negotiation. A consensus type methodology e.g. some form of modified Delphi study, would facilitate evolution of the ontology and would obtain a more reliable consensus of opinion. Other researchers have reached similar conclusions [19] . This study has highlighted the deficiencies of a more summative approach.
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As has already been suggested the source terminology systems for this study reflect the views of their respective developers; it is likely that they also represent in certain respects significant ideological differences across the nursing profession that are unlikely to be bridged by purely logical means. Indeed it might be wrong to do so: "Thinking only in computational terms, we run the risk of becoming focused exclusively on re-engineering all clinical work into formal behaviors that are suitable for computational treatment" [20] . If such ideological differences are indeed irreconcilable by any means, this raises real questions about the role of 'classification' in nursing in aggregating data from disparate sources [21] . However, there was no evidence within this study of such extreme differences. As such, a combination of a description logic-based approach and a consensus type development and evaluation methodology should over time lead to convergence.
Conclusion
In summary this study suggests that a logical ontology may be a useful tool in resolving a large proportion of differences between nursing intervention terminology systems; and that the use of nursing intervention labels as sources is highly productive, although some form of paraphrasing would be useful to capture missing semantics. However, the author believes that a complementary formative consensus type development and evaluation methodology, comprising discrete tasks, a range of reviewers, and a systematic assessment of agreement may improve the approach by helping to harmonise ideological differences.
